In this paper, the dynamic behavior of a cantilever beam without and with crack is observed. An elastic Aluminum cantilever beams having surface crack at various crack positions are considered to analyze dynamically. Crack depth, crack length and crack location are the foremost parameters for describing the health condition of beam in terms of modal parameters such as natural frequency, mode shape and damping ratio. It is crucial to study the influence of crack depth and crack location on modal parameters of the beam for the decent performance and its safety. Crack or damage of structure causes a reduction in stiffness, an intrinsic reduction in resonant frequencies, variation of damping ratios and mode shapes. The broad examination of cantilever beam without crack and with crack has been done using Numerical analysis (Ansys18.0) and experimental modal analysis. To observe the exact higher modes of beam, discretize the beam into small elements. An experimental set up was established for cantilever beam having crack and it was excited by an impact hammer and finally the response was obtained using PCB accelerometer with the help sound and vibration toolkit of NI Lab-view. After obtaining the Frequency response functions (FRFs), the natural frequencies of beam are estimated using peak search method. The effectiveness of experimental modal analysis in terms of natural frequency is validated with numerical analysis results. This paper contains the study of free vibration analysis under the influence of crack at different points along the length of the beam.
Introduction
The structures related to the mechanical engineering, civil engineering and aerospace must be free from cracks to ensure safe operation. The health condition of the structure depends on various parameters. The main parameter is damage or crack and that is responsible for the breakdown of the structures. So, it is compulsory to study the influence of crack, based on the natural frequency of the structures in initial stages to identify the health condition. Modal analysis is a process which describes the dynamic behavior of a structure in terms of its modal parameters such as the natural frequency, damping ratio and the mode shape. Loutridis. S [1] established a novel method to detect damages in cantilever beam like structure based on mode decomposition and instantaneous frequency. And the dynamic behavior of a cantilever beam was studied with a breathing crack under harmonic forcing. S.A. Zakeri [2] proposed a numerical approach for an Euler Bernoulli's beam to identify an open edge-crack detection. They have identified the crack depth and crack location by using experimental tests numerical simulations. An analytical approach and experimental approach for crack identification in fixed-free beams using vibration based analysis by Nahvi, H. and Jabbari, M [3] .The cantilever beam is excited by impulse hammer as input and getting the response Available online at Journals.aijr.in
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by an accelerometer as output in experimentally. From the above methods, estimated normalized frequency and identified the crack in beams based on various normalized crack depths and crack locations. Khadem, S.E. and Rezaee, M [4] established an investigative method to detecting the crack of rectangular type plates subjected to uniform loads. Owolabi, G.M et al., [5] taken two different beams, one as fixedfree and second one as fixed-fixed beam for damage analysis. Along the length of the beam, they introduced crack at various spans from one end to the other end, with different range of crack depth ratio. They observed the responses, which was taken from the experimental work for all crack locations and analyzed the effect crack dimensions on natural frequency. Nguyen [6] has analyzed rectangular cross section beam and observed mode shapes of a cracked structure using FEM. Also observed the presence of the cracks may be identified depends on mode curves. These shapes have sharp changes or distortions at the crack position if there is a crack. Finally, the crack position estimated, based on sharp changes or shape distortions. Khiemet al. [7] developed a novel technique for evaluating the resonant frequencies of a multiple cracked beam and based on those frequencies, the number of multiple cracks is evaluated. Gawande. S. H, More. R [8] have studied dynamic behavior of cantilever beam under the influence of crack at various locations along the span of the beam. Gawande SH., More Rudesh R., [9] have established a systematic analytical approach and successfully applied NI LabView software to evaluate the modal parameters. And validate these modal parameters with modal parameters calculated by analytical approach. Xu, Y. F. [10] introduced free response shape (FRS) of beam structure using continuous scanning laser Doppler vibrometer (CSLDV) system. FRS of beam using analytical expressions is compared with FRFs of finite element model. Liu et al. [11] studied reinforced concrete beams for damage identification based on the mode shapes. Castel. A [12] analyzed the cracked reinforced concrete beams for overall stiffness using Finite-element modeling. Chen. H, [13] used the experimental impact testing to estimate the modal parameters of beam like structure, structural health monitoring and damage detection. Colombi P et al. [14] conducted experiments to analyze the fatigue behavior of repaired and cracked steel beams. Ahmet Can Altunõsüõk et al [15] analyzed the circular cross-sectional steel cantilever beam in Ansys. They have done operational modal analysis of beam to observe the dynamic behavior of multi cracked beam and intact beam. And finally, they validated the Ansys data with analytical and experimental data. H. Ma [16] analyzed the effects of excitation loads such as gravity, magnitude and direction of applied force and crack parameters. Crack parameters like slant crack angles, crack depths and crack locations are also influence the system. Finally, non-linear behavior of the vibrating system investigated by them. Extensive research was developed by many researchers on damage analysis of the structures to estimate various dynamic behavior parameters. But very few worked on influence of crack on the modal parameters of the beam like structures. In this paper, the influence of crack position and crack depth on modal parameters of cantilever beam was studied based on Frequency response functions (FRFs) and validated with numerical model analysis using Ansys.
Theoretical Vibration Analysis (Modal Analysis)
In this section analytical model for cantilever beam is considered to determine the first six natural frequencies. The dimensions and properties of the beam are mentioned in table 1. 
Numerical Analysis
Ansys 18.0 workbench has been used for numerical modal analysis of the cantilever beams with and without cracks. Cantilever beam was drawn and set the material properties as per specification provided in table1. To get the exact dynamic behavior of beam, maintained every 50mm crack location from fixed end to free end with 20%(2mm), 40%(4mm) and 60%(6mm) of crack depth to total depth ratio of the beam. The natural or resonant frequencies of the above-mentioned beam without and with crack are represented in table 2 for every 100mm crack location. The first 6 modes of the cantilever beam are presented in Figure  1 . Maintained proper interval of crack location to get exact mode shapes of the beam at higher modes. 
Experimental Analysis
To observe the influence of crack on cantilever beam, experimental set-up was developed and is shown in Figure 2 . The set-up consists of data acquisition system-DAQ-NI 9234, hispeed USB carrier NI 9162, accelerometer PCB 352C33, impact hammer PCB086C03, NI software with sound and vibration toolbox loaded in computer (PC), specimens, coaxial and BNC cables. The input for free vibration is given by the impact hammer and the output as magnitudes like amplitude, velocity and acceleration in time and frequency domain analysis. Time domain analysis is a record of the response of a dynamic system, as indicated by some measured parameter, as a function of time. In time domain analysis, the time is free variable and response of the system must be logarithmic decrement. Time response analysis is some more difficult to estimate modal parameters compared to Frequency response analysis. In frequency response analysis, the output is the response/impact load that varies with respect to frequency. In this analysis the response parameters are displacement, velocity and acceleration. Time response functions and frequency response functions of fixed-free beam are obtained by using National instruments LabView software with sound and vibration toolkit by conducting extensive experiment on the beam without and with notch using experimental modal analysis. For observing the first 6 mode shapes of the cantilever beam clearly, maintained a crack for every 100 mm length. In this work 8 nodes are selected, as per the requirement the number of nodes can be decrease or increase. Each and every node was hit by using impulse hammer which was taken as input and each node gives its corresponding response with respect to time in figure 3 and frequency in figure 4 as output. Natural frequencies of cantilever beam for first 6 modes are observed from the FRFs based on the peak searching method and represented in table 3.
Figure 3: Graph between Impact load and response with respect to time
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Figure 4: Graph between response/impact with respect to frequency
Results and Discussions
First six natural frequencies are estimated using theoretical analysis, numerical modal analysis using Ansys and experimental modal analysis tabulated in Table 4 and represented in figure 5 . From Experimental modal analysis, the natural frequencies are exactly identified by peak searching method, which represents there is a change in natural frequency values with respect to crack depth. Crack depth changes form 2 mm to 6 mm, there is major difference in natural frequency for all crack locations. For better understanding the effect of crack location and crack depth on natural frequency, the relation between these three parameters are shown in figure 6 . The natural frequency changes as crack location changes and it decreases largely if crack depth increases. The natural frequency changes based on the crack locations and various crack depths in case of experimental modal analysis and FEMA, that is represented as samples in figure 6 for 2 nd mode and 6 th modes. 
Conclusions
Modal analysis is used easily to observe the effect of crack on the natural frequencies and mode shapes for a range of crack locations and crack depth. The frequency response functions (FRFs) obtained from the NI LabView software, modal parameters are estimated using peak search method. The effect of crack dimensions width, depth and position on natural frequency is validated by performing FEMA. It is observed that from experimental and numerical investigations, natural frequency of vibrating structure is within 2-10% deviation as shown in figure 5 . The following conclusions are observed from this work. Stiffness of the cantilever beam decreases due to the depth of crack increases, and hence decreases in natural frequency. Available online at Journals.aijr.in
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In free vibrations, cracked beam frequency is lower than that of the beam without a crack. Crack depth and crack positions are majorly influences the dynamic behaviour of cantilever beam and the natural frequency of beams decreases with increase of transverse crack depth. The natural frequency shift decreases for same depth of crack as the position of the crack changes along the length from fixed end to free end of a cantilever beam. 
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